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* Welcome Speech

* Presentation of the GreenTech project

* Round Table Discussion: challenges and solution to reinforce initial
and continuous training on renewable energies

* Presentation of the GreenTech project results

e Conclusion of the presentations

* Speed meetings Companies and Students // Networking session
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WELCOME SPEECH

Vincent BRIAT
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Climate Change and Zero Carbon tranSition Temperature change over the past 50 years

New knowledge required / a more complex energy system

Importance to train more versatile technicians, with a whole picture

Trend from 1973 to 2023
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Lack of qualified manpower (maintenance technicians)

* Itis estimated that about 1.5 million highly skilled people must be
trained every year in Europe in the renewables sector

* In France : 200 000 new jobs in electricity sector by 2030
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Breaking down the barriers between individual energy
system training courses

Create training modules for technicians dealing with the new
energy mix

Help increase the number of women in training courses and
professions
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Consortium and project team

®
KBA

Erik KEPPELS I

KBANijmegen " o it

B

PANEVEZIO
KOLEGIJA

Panevezio Kolegija
Jovita KAZIUKONYTE
Remigijus KALIASAS

-ﬂ#“l'll:lﬂluli

B ]

%@’ HOGESCHOOL | £ S RS N
et B o g
sl U lrznm o :

2 ”“‘“M s iy
Brdmne 'f;., i o
oo b me i M-drw.-g

HII'H:H-N I- Mn
-\_. o ihe-An, a"

‘ - -
i e B -:"'{-'.«._..-—

UCCL i
Peter VAN HOUT i aleoare

oL _ “%?m“’“"‘" IUT1 - UGA
ﬁ_,:,; B vy IUT1 Cyril PICARD

Marion GERARD

P g |
L b "":,

-+ Py o
- - Fli‘"
it "‘““.- 2 Lisie 5
o !

Jfr_g_-n_(_l.g : 1

e R e P ——— T (Q)eameus Campus Smart

T e R = DES METIERS

Wil sgdae  Energy Systems

. I:I ¥t 5 fvﬁﬂm b iﬂr-:lnrﬂnggr??‘% £ e M:::rg"e_khane_mpes MlCheI BU REL
el "‘::‘:‘v:’“ opie ", Anabelle MORICEAU
XABEC | S
. .5—1.‘“
Gregorio BLANCO X e Emw S, GBI i e B .
i igene m-m Teneermrdh EEEEEE - Athenes o REPUBLIQUE

Jose Manuel CENTRO DE FORMACIGN PRUFESMNAL““"’ ' e t;?NcmE

Fimsic!

ALEGRE TENERRDIS

‘ GRE‘E&; B . Philippe CHUZE

GIP FIPAG
Nadia GONTHIER

Internal



Upstream phase

Erasmus + project : the results must benefit the greatest number of people
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Training modules

= Erasmus + project : the results must benefit the greatest numbe

= All modules have been reviewed by professionnals !
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INTRO SOLAR ENERGY WIND ENERGY NETWORK H2 GREEN USAGES @
MANAGEMENT PRODUCTION EARNING -
STORAGE
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ROUND TABLE DISCUSSION
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Round Table Discussion

Challenges and solution to reinforce initial and continuous training on

renewable energies

Michel DEGANIS Gregorio BLANCO SAEZ Jean-Luc REBOUD
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PROJECT’S RESULTS
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Project’s results h

1. How to access the resources

2. Modules presentation

e M1 :solar energy

e M2 : wind energy

e M3 : network management and storage
e M4 : Hydrogen green production

e M5 : Hydrogen usages

1. First results and lessons learnt
2. Q&A

_ EEI\ -Erasmus+




How to access the resources

Developed course materials, for each module: LINK WEBSITE

* Descriptive sheet

* Course content + slideshow
* Video

e Evaluation quiz

[=:

MOOC, for each module: LINK CASEINE

* Introductive videos
* Activity

* Descriptive sheet + course content + slideshow + videos
e Evaluation quiz

* Forum, Q&A...

- Erasmus+
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https://greentech-erasmus.eu/
https://moodle.caseine.org/enrol/index.php?id=1150&lang=en
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Modules presentation
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GreenTech Project - Module 1
Solar Energy
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Thomas Edison, 1931
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"I’d put my money on.the sun and
solar energy. What a source of
power! | hope we don’t have to wait
until oil and coal run.out before we

Content of the module tackle that."

. Solar energy

. Solar photovoltaic technology (PV)
. Solar water heating systems

. Design example of solar plants

. PV system monitoring

. Installation and maintenance

. Health and safety study

. Circular economy

OO U B WN -

RSl Frasmus+
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Solar energy

Earth Emitted
‘ Energy

\

Solar Incident

‘__ Solar

Reflected Energy

Solar energy flow

Erasmus+

Dispersion within|
" the atmosphere i

. Diffuse radiation

hing th f \
e LG ~ Absorbed by the atmosphere

. . or the clouds Reflected from clouds
Direct sunlight L 9 J 4
A reflected
or dissipated

; " Reflected from land B back into space
'.' L or ocean sgrfaces

51% absorbed by surface —
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Solar energy

Solar thermal

Concentration

Concentrated
Photovoltaic
(CPV)

Sl Frasmus+

CrREEN
Tech




Load
http://www.electricaltechnology.org

-
Sunlight

N-Type Semiconductor

Electron

PN - Juncti
unction Flow

P-Type Semiconductor
\
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'\‘: g 000 % Silicon || gm:

PN-Junction

Basic Operating Principle of a Solar Cell
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Flow
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Photovoltaic (PV) systems
convert light energy directly
into electricity

I”

Commonly known as “solar cel
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Solar water heating systems

rain, wind,
snow
N/ Hot Water
-O reflection JJJ
¥ o convection insulation

heat onvection

radiation '

glass cover

availahle

absorber
heat

Cald Water
Solar thermal flat plate collector with working principle

a
( ) {b} Hot water
ouT
a) Active type solar water heater system; }
. . aAL g
b) Passive type solar water heater system (e Manifod Hea (&)=

transfer

Cold Water Individual
N Evacuated Tube
x Absorber Plate

Heat Pipe

Absorber Plate

TEI\ - SO Evacuated tube solar collector with working principle
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https://re.jrc.ec.europa.eu/pvg_tools/en/

Polysun
https://www.velasolaris.com/?lang=en

PVcase https://pvcase.com/#products.

CrREEN
Tech
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https://pvcase.com/#products

PV system monitoring

Electricity grid + communication
* Power plant to grid operator
*» Grid operator to utility services
¢ Utility services to consumers
*»» Consumers to appliances

[*ata acquisition Pretreatment and record Supervision, storage and access

o
o

0=
=

i
c

I

W’ Wired

v Environmental sensors
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Installation, Safe Work, Circular Economy

Middle modules Fringe modules .
b Circular PV lifecycle Pl ety

By adding loops within the current value chain for solar PV in A i
the required inputs and generated outputs could be reduced.
Renewable

Enemgy

Design ——p Materials = Manufact
\
@Pmu;::m '.-" &

T/ / e

———— e —— — — — — — — —
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Interview at SoliTek company
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GreenTech project - Modulez
Wind Energy
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M2 — Wind Energy

Content

1 - Background, current situation and expectations
2 - Wind turbine components and infrastructure

3 - Maintenance

4 - Design example

5 - Circular economy

Elezcl\h - Erasmus+




M2 — Wind Energy

Content European wind energy
generation 2022

1 - Background, current situation and expectations. ™ 17% 2250w  14% 24%

onshore wind onshore wind of EU + UK average onshore wind
of EU + UK

capacity electricity demand capacity factor®
electricity demand

EU+UK 17%
EU  —— G

30 cw 3% 36%
offshore wind offshore wind of EU + UK average offshore wind
capacity electricity demand capacity factor®

EU + UK wind energy generation

Denmark S55%
Ireland 34%
UK 28%
Germany 26%
Portugal 26%
Spain 25%
Sweden 25%
Greece MEEEEEE—— O,
Hethor anns e—— O
Finland  — 7
Belgium  E—— 3%
Croatio  EE————— 37
Romanio I -——— 7
Lithuanic I 127,
Austric  EE—0%
Norway ——11%
Poland  E—11% . 26% °
Turkey —10% Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov Dec
Fatoro N— fi. 4 dEurope (WindErope, 2023, ® Onshore wind @ Offshore wind
France m— 7
Italy  e— 7%

Highest wind energy shares

AR o e 120
w 55% 26%

() 3+ : 25% %

S osy AR oo 2

GW
@
S

*Capacity factors of entire fleet including old turbines

Cyprus —e— 7 New installations in Europe — WindEurope’s scenarios
Bulgaria  memm— 4%
Lotvio  memm 3% 50
Hungary mm1%
Czechia m1% 45
Switzerland 1 0% 40
Slovenia | 0%
Slovakia | 0% 35

0% 10% 20% 30% 40% S50% 60%

@ Onshore @ Offshore

0
Jfig. 3: Percentage energy covered by wind in different countries. WindEurope (WindErope, 2023, 18) 15 I I I

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Capacity (GW)
N oW
al

® Onshore @ Offshore —#— Central Scenario —®— 2030 Targets Scenario

EEK Source: WindEurope
- Erasmus+
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Gearbox Fast shaft
Bearings Generator

Pitch system

Nacelle
Blades

2 - Wind turbine components and infrastructure.

- Description of a complete wind system.
- Types of installations.
- Wind turbines.
- Infrastructures

Power electronics

Main shaft

FOUNDATIONS

Onshore
Offshore

Control system

_— Tirbine Gearbox Generator  Power interface Grid

L] Wwind Power Mechanical power Electric power
CrREEN
Tech B

Erasmus+
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T SPECIFIC TOOLS

ALIGNMENT TOOL

3 - Maintenance.

fig. 44: Damaged terminals, hardware, and covers an rotor and stator leads (Velasco, n.d.)

M= 0 08

3
.‘-j 2. Sl o Copper Shad
: 1. i Lusg

+1

4. Pt Wi jopional
7 Fembelis 'ray; dvashe
L |

fig. 45 Belleville washers aflow the preload to be maintained in the bolted joint despite the expansions suffered by the metal due to = ey et P . i Falacis
e ks chides fig. 42: Ground track and brushes damaged by shunt. (Velasco, n.d.)
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4 - Design example.

ONSHORE WIND FARM

Main considerations and resources for a wind farm project desig
« Wind speed ave g enc //alobalwindatlas.info/en/
.
http
ymental impe
Turbines distribution

17. BUDGET

The material execution budget of this project amounts to the amount of

TWENTY-FIVE MILLION SIX HUNDRED FIFTY-FOUR THOUSAND TWO HUNDRED

FOUR EUROS AND SEVENTEEN EURO CENTS (€25,654,204.17)

Below is a summary of the different games:

CREEN
Tech

GENERAL BUDGET

1.-WIND TURBINE SUPPLY 22,926,531.60
101 SUPPLY AND ASSEMBLY OF WIND TURBINES 22.799,880.00
102 SUPPLY AND ASSEMBLY OF MEDIUM VOLTAGE CELLS. 12865160
2.- CIVIL WORKS. 2,350,449.90
201 ACESS ROADS, ncions and GRAL 202 INTERNAL 38936965
ROADS ANDPLATFORMS. 96680327
203 WIND TURBINE AND TOWER FOLNDATIONS a2t
204 MY LINE CANALZATION 27628
3.- ELECTRICAL INSTALLATIONS 301 21921108
ELECTRICAL SUPPLIES 12732685
e 2ae 3
203 PATNETWORK 540780
3,04 COMMUNICATIONS NETWORK 7g2810
305 MV AETWORK TESTS 3400000
306 MV RETWORK START-UP 150000
4.-HEALTH AND SAFETY / QUALITY CONTROL 42,361.59
401 HEALTH AND SAFETY / QUALITY CONTROL. 42,3159
5.-WASTE MANAGEMENT 501 115,650.00
WASTE MANAGEMENT 11565000
TOTAL EXECUTION MATERIAL 26,654,204.17
GENERAL EXPENSES 13% 3335,046.54
INDUSTRIAL PROFIT 6% 1,529,25225
TOTAL BID BASE 20,528,502.87

Table 9 Total budget
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5 - Circular economy.

Raw materials used in wind
turbines
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SUBMARINE CABLES
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New wind
turbine

hlady
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ed

New epoxy resin
made from recycled
raw materials
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Wind
) turbine blades
\ end-of-life
}h. —
/ B Disassembly
/ @ of epoxy
w and fibre

=
-

Epoxy fraction

Chemcycling with direct recovery
of high-value building blocks
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GreenTech project — Module 3
Network management and st_orage
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Written course - pdf

Co-funded by the
Erasmus+ Progromme
afthe: Eurvpean Union

Erasmus+ KA2 project “Devalopment af an innovative and crass sectoral
Eurepean education proGRam to swEngthEN the raining of TECHricians in
the field of renewable ensrey (GREEN TECH)",
mo. 2021-1-FRO1-KA220-HED-000023268

Module 3

Network Management & Storage

CREEN
Ti

Presentation - pptx

CREEN Cotundsd by

GreenTech Project
Module 3
Network Management &
Storage
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MOOC Content

® Generating electrical energy
®  Transmission & Distribution
® Energy storage concepts

®  Energy Management Systems

EEI\ - Erasmus+




M3 — Network management and storage

1. Generating electrical energy
* Forms of energy
* (Classic Production Plants : thermal, nuclear, CCGT, CHP
* Renewables : PV, wind, hydropower, H2 fuel cells

Fuel 1 Mechanical Energy

) Thermal Energy 0 Electrical Energy

CREEN

Today’s Lesson !!!




M3 — Network management and storage GRE‘Eth\.

4+ AC DC

2. Transmission & Distribution
* Energy transport from power plants to consumers e
* AC & DC grids v
* transformers-convertors
* Power electronics
* \Voltage levels, protection

Sl Frasmus+
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3. Energy Storage Concepts
* Electrical batteries : Li-ion, V2G
* Water : pumped hydro
* Mechanical : fly wheels, CAES, . ..
* Heat: geo-thermal, networks, . ..
* Molecules : H,, NH;, CH,,clathrate hydrogen

Charge rate (C)

Installed power 1080 MW

5 Electncity
Duratfo.n 6 hc;urs Produced
8.5 million m?® water Flash/Binary
Height 275m Power Plant 8

inary
Flow rate = 10 Olympic swimming pools per min Power Plant

= 500.000 litres water per second

0 Connection to the lower basin
o Lower water intake

) pawn basin

0 Dawn dam

) High voltage lines

CrREEN
Tech

Erasmus+
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4 Energy Management EMS Centralized Power Decentralized Power
Power grid, Smartgrid, uGrid | w i g =
* DSM Demand side mgmt |
* SCADA

* VPP Virtual powerplants

* Smart metering
* Pricing €/kWh vs €/kW

Fous,

Flexible Load Shape

M Erasmus+
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Demo’s, Labs & case study’s — inspiration for teachers

o~ Wl gia
i3y centrale

GREE& Smart Grid Lab, sun collector
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Demo’s, Labs & case study’s — inspiration for teachers
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Demo’s, Labs & case study’s — inspiration for teachers
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Demo’s, Labs & case study’s — inspiration for teachers

@ Frasmus+
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Demo’s, Labs & case study’s — i
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GreenTech project — Module 4

Hydrogen green production =~ &
uTIA
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Hydrogen: current industrial status

|. Hydrogen: current status

CH, + 2H,0
- CO 2 . 4 H z_.q.zﬁ'ma.m‘».s,‘.mf‘::"";'&m‘m
~115 MiH, Sector
Direct

reduced iron

..............................

______________________________

Ofther,

By,

F

¥
3
5
o Ik e

i Essentially for chemistry

used for ammonia production

F 4 Sy
/ } il refi
_Refinery | and oil refiney
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H2 to face carbon emissions
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 teur d’électrolyseurs a-€au iveau mondial, présente en 1980 h EDF
| un projet d’unité de 300 MW, dérivé de ses unités exis -

+ géne, le site d’implantation reterim
- chimique de Rhone-Poulenc de ' Pont-de-Claix, prés de Grenoble.

Par ailleurs, la société Norsk Hydro, premier const ur et utilisa-

En 1984, le meilleur tonnement de ses pilotes, d’abord de 10
puis de 30 kW, fait pencher le choix sur le groupe ACB-LDM, auquel la
commande d’un pilote de 2,4 MW est passée, qui incorpore toutes les
options retenues par le constructeur, a savoir :

— enceinte pressurisée a 30 bars ;

— module type d’électrolyse de 2,4 MW a électrodes de nickel avec
nickel fritté activé, de 1 mx 1 m ;

— cellules minces d’épaisseur de 5 mm ;

— électrolyse de la potasse a 40 %, a 120°, sous 10 kA/m”.

Pour des raisons pratiques d’exploitation et d’utilisation de I’hydro-
%ﬁiﬁl”t‘“}empilqte est la plate-forme
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Electrolysers for H, production

lll. Electrolysers for H, production

CrREEN
Tech

Sl Frasmus+

nnnnnnnn



Hydrogen storage

IV. Hydrogen storage
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Some theory as scaling tools

20, « , > H,

AG = 237 kJ/mol the gases
AV = 3.7 kd/mol

V. Some theory as scaling tools
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Risks and safety rules

Pressure
Release,

Low Temperature Effects

. IR inl
VI. Risks and safety rules - &\‘ /"‘f . m ~
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Basics of electrolysis
Panko - Lituania
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V. Some theory as scaling tools

VI. Risks and safety rules ! |

10h in classroom

+ 8h of practicals at UGA

H, value chain
UGA, France
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GreenTech project — Module 5
Energy usage
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I. Energy value chains

Il. Raw material for the energy

lll. Final uses of energy

IV. Energy transfers

V. VIl. Power from low-carbon fuels

VII. Energy challenge
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Energy value chains: present and future

|. Energy value chains
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Raw material for the energy
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Final uses of energy

lll. Final uses of energy
oil

Coal

Natural gas Cars

Trucks

Bioenergy Tr ansport———— Trains
Ships
Aircrafts

Other transport
Other renewables
Chemicals
From power and heat

From hydrogen Iron and steel

Hydro Cement

Buildings-
& Other industry

=7 .
1 -/"“ =S Arilure

Solar PV

s

To power and heat

Wind i To other transformation Services

Non-energy use

Losses
Nuclear

Elezcl\h - Erasmus+

Internal



IV. Energy transfers
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Energy transfers

EnR

Trunkline

I Demand-side distribution lines operate at medium |
| pressure and connect large consumers or sub-
| distribution lines to the trunkline. Sub-distribution :
! lines — generally plastic pipes —transport !
! hydrogen at low pressures to end users. !
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Lab work on the balance of
plant of a fuel cell system

VIl. Energy challenge
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First results

and lessons learnt
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95 participants have followed the first session of the MOOC

8 countries represented

20 people completed a module and obtained at least one badge
11 people completed all the modules

e Per module:
Introductory module : 16 people obtained the badge
Solar energy : 17 people obtained the badge
Wind energy : 17 people obtained the badge
Network management and storage : 12 people obtained the badge
Green hydrogen production : 14 people obtained the badge
Usages : 14 people obtained the badge

e Content evaluation of the modules :
- All the modules were much appreciated and very well evaluated (77% with a score between 4 and 5 (on a scale of 1 to 5))
- The course slides were excellent supplements
- The “Descriptive sheet” files was useful as a preamble to the modules to help understand their objectives
- 80% of participants felt that the teaching objectives of the modules had been met
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Commentaires du présentateur
Commentaires de présentation
A voir : préciser quelques résultats sur les tests de connaissance ? Est-ce pertinent ?...
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The report is available on the GreenTech website : https://greentech-erasmus.eu

* 548 students benefited from the test sessions (218 students for local training sessions / 330 students for training

sessions in partner institution)
e 75% of students followed the courses with interest

What's working well?

- Long-term sustainability of the project and reinvestment > the courses were integrated into the students' training

programs.
- The teachers were much appreciated and listened to the needs of their students.
- A small number of students to create good teaching and learning conditions :
- Good results of the knowledge tests : 73% of students' answers were correct

What could be improved?

- It would be interesting to clearly indicate the necessary prerequisites at the start of each module.
- Divide the content of the modules into several sub-sections, associated with different levels of competence.
- Deliver courses in English rather than in the language of the teachers’ country (work on the scientific and technical

vocabulary of the modules).
Difficulties in transposing practical sessions: using professional software for case studies is a good solution
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https://greentech-erasmus.eu/renewable-energy-courses-erasmus/
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Questions & Answers
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Perspectives

OOy,  Ea o =
PN REPUBLIQUE Ly
SLREISFICATIONS FRANCA%E )EP _— ) I o @% B 3
D’EXCELLENCE el o PANEVEZIO S2 U C LL y L I UT] A Te rd .
Smart Energy Systems Campus KBA Nllmegen KOLEGIJA W HOGESCHOOL e e ‘ re‘

Auvergne-Rhéne-Alpes Université Grenoble Alpes @ Auvergne-Rhane-Alpes

Internal



Perspectives

e Deliverables availability and dissemination : CMQe SES / GIP website
e MOOC

o Will remain open on Caseine (Université Grenoble Alpes)

o New session(s) ?
e |UT1 : will continue the exchanges with GreenTech partners to teach 1 or severals modules
to BUT3 students - Erasmus mobilities
e Elibrary started by ETF (European Training Foundation)
® Links with the COVE Project P4ELECS
® Ex-GreenTech Team - meeting in a few months

® Perspectives from the audience ?

Elezcl\h - Erasmus+
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